The production of antagonistic substance by bacterium present in the infected root canal system (RCS) probably is an important ecological factor for its successful colonization of the local. The objective of this study was to partially characterize an antagonistic substance produced by a Clostridium butyricum isolated from infected RCS. Production of inhibitory compound was evaluated by the agar double layer diffusion technique using Fusobacterium nucleatum and Bifidobacterium adolescentis as indicator bacteria. The physicochemical and biochemical factors tested for the partial characterization were influence of pH and temperature and susceptibility to the action of some proteolytic enzymes. An inhibition zone was observed against the two indicator strains and acidity and bacteriophage were rejected as responsible for this phenomenon. The inhibitory activity showed to be decreasing in a pH range from 3.5 to 6.5 and being stable at temperatures of 60º, 70º and 100ºC, but completely inactivated when exposed at 121ºC. The antagonistic activity was resistant to the proteolytic action of trypsin, α-chymotrypsin and papain. An antagonistic substance was produced by C. butyricum, which was thermo-resistant and probably of non-protein nature.
INTRODUCTION
Bacterial interactions are one of the principal ecological determinants that regulate the establishment of an infecting microbiota in the root canal system (RCS) (21) . Metabolic bacterial products may favor or inhibit the growth of other species (21) . These products may be non-protein metabolites such as organic acids and hydrogen peroxide, or proteinaceous compound such as bacteriocins, which can be encoded genomically, but more often in plasmids (2, 24) .
Bacteriocins constitute a heterogonous group of peptides and proteins highly variable in terms of activity spectrum, mode of action, molecular weight, genetic origin and biochemical properties (8) . Depending on composition and structure, some bacteriocins can be resistant to temperature and proteolytic activities.
Non-protein metabolites are low molecular weight compounds (less than1 KDa) that have a wider spectrum of action when compared to bacteriocins, being active against Gram-positive and Gram-negative bacteria as well as against fungi (12) .
Antagonistic substances are probably important factors during infections involving RCS and there are few studies about the production of such substances by Clostridium spp. The objective of this study was to detect the production of this type of compound by a Clostridium butyricum strain and to partially characterize its chemical nature. This producer strain, as well as the sensitive ones (Bifidobacterium adolescentis and Fusobacterium nucleatum) were recovered in a previous work (11) from patient with pulpal necrosis.
MATERIALS AND METHODS

Bacterial strains
The three bacteria species used in this study were recovered from infected human root canals (11) . Clostridium butyricum isolate was selected as the producer strain and B. adolescentis and F. nucleatum as indicator strains revealing the antagonism. The bacteria were stored at -86ºC in brain Heart Infusion broth (BHI, Difco Laboratories, Sparks, MD, USA) supplemented with glycerol 20%. Recovery of strains was made in BHI broth supplemented with 0.5% yeast extract, 10 ìg/ml hemin, 1 ìg/ml menadione and 0.075% of L-cysteine (BHI-S, Difco).
In vitro assay for production of antagonistic substances
Agar double layer diffusion assay was used (8) . The samples of C. butyricum and F. nucleatum were grown in BHI-S (Difco) and B. adolescentis in de Man, Rogosa and Sharp broth (MRS, Difco), and incubated at 37ºC, for 24 hours (B. adolescentis) and 48 hours (C. butyricum, F. nucleatum) in an anaerobic chamber (Forma Scientific Company, Marietta, OH, USA), containing an atmosphere of N2 85%, H2 10% and CO2 5%). Then, spots of 5 µl of the cultures were made onto BHI-S agar. The plates were incubated for periods of 24 hours and 48 hours, respectively, under the same anaerobic conditions. After incubation the plates were removed from the anaerobic chamber, exposed to chloroform vapor for 30 minutes and left semi-open for an equal period of time to allow evaporation of residual chloroform. Plates were covered with 3.5 ml of soft agar (0.75% BHI-S or 0.75% MRS according to indicator species), inoculated with approximately 10 9 colony forming units (CFU) of the indicator bacteria (10) and incubated under the specific cultivation conditions for each one. The presence of an inhibition zone around the spot indicated the production of antagonist substances. Diameter of the inhibition halo was measured using a digital pachymeter (Mitutoyo Sul América Ltda, Suzano, SP, Brazil). Experiments were done in duplicate.
Chemical characterization of antagonistic substances Preparation of crude extract
Clostridium butyricum was grown initially in BHI-S broth and later in Clostridium broth (Difco) under anaerobiosis during 24 hours. After this period, the culture was centrifuged (RC5C centrifuge, Sorvall Instruments, Du Pont, Wilmington, DE, USA) at 4ºC and 10,000 x g, for 10 minutes. The supernatant was filtered with a 0.22 ìm membrane (Millipore Corp., Bedford, MA, USA), divided into 15 ml aliquots and stored at -70ºC. After temperature equilibration, the supernatants were freeze dried (Free Zone 6 LITER, LABCONCO, Kansas City, MO, USA) and then suspended in ultra-pure sterile water to obtain a 10 fold concentration in relation to the initial aliquots.
Testing bacteriophages as responsible of antagonism
To evaluate phage as responsible for antagonistic activity, a 3 mm 2 fragment of agar was aseptically removed from an inhibition zone (23) . The fragment was placed onto BHI-S agar that was immediately recovered with BHI-S or MRS soft agar containing approximately 10 7 CFU/ml of indicator strain. Presence of lytic zones was evaluated after 48 hours of anaerobic incubation at 37ºC. All experiments were done in duplicate.
Testing acids as responsible for antagonistic activity
Antagonistic assays were performed as described above and after development of antagonism. Medium pH was determined inside and outside the inhibition zone using a surface microelectrode (Microeletrodes Inc., Londonderry, NH, USA). Non-inoculated plates were used as control (4) .
Influence of temperature on antagonistic activity
Crude extract aliquots of 50 µl were submitted to thermal treatment at 60ºC, 70ºC and 100ºC for 30 and 60 minutes, in a water bath, and at 121ºC for 15 minutes, in an autoclave. These samples were then tested for remaining antagonistic activity using the well diffusion method carried out as follow. A punch was used to make 7 mm diameter wells in the BHI-S or MRS agar depth. To each well, an aliquot of 50 µl was added and the plates immediately recovered with BHI-S or MRS soft agar containing approximately 10 7 UFC/ml of the indicator strain, and incubated at 37ºC, for 24 and 48 hours to detect the inhibitory zone. Aliquots not exposed to temperature were used as control (7) .
Influence of pH on antagonist activity
The pH of centrifuged and filtered crude extract aliquots was adjusted from 3 to 9 (with 5N NaOH or 5N HCl). After freeze-drying and resuspension, the aliquots were re-filtered and tested for residual antimicrobial activity by the diffusion well method as described above. Crude extract with non-adjusted pH was used as control (7) .
Influence of proteolytic enzymes on antagonistic activity
Crude extracts were concentrated by freeze-drying and resuspended to obtain a 10 fold concentration in relation to the initial volume. Then, 50 µl of solutions containing each selected enzyme were added to achieve a final concentration of 1 mg/ml. The following proteolytic enzymes were used: α-chymotrypsin (E.C. 3.4.21.1, type II, Sigma-Aldrich, St. Louis, MO, USA), trypsin (E.C.3.4.21.4, type II, Sigma-Aldrich) and papain (E.C.3.4.23.1, Sigma-Aldrich), all dissolved in sodium phosphate buffer (50 mM, pH 7.0). The enzyme buffers and crude extracts were individually tested as control. After a one-hour period of incubation, at 37ºC, a 50-µl aliquot was removed and tested by the diffusion well method. Disappearance of the inhibition zone indicated susceptibility to the specific enzyme (3, 4) .
RESULTS
Clostridium butyricum showed antagonistic activity against both F. nucleatum and B. adolescentis. There was no evidence of cell lysis in the bacteriophage detection test, which discards this hypothesis as the cause of the antagonism. An accentuated reduction of pH was noted within the inhibition zone, when compared to the non-inoculated control plates, whose initial pH was of 6.47. However, using F. nucleatum as the indicator strain, a similar pH was obtained outside (4.42) and inside (4.44) the inhibition zone. Using B. adolescentis the values were of 4.14 and 4.16, respectively. These results demonstrate that acidity was not responsible for the inhibition of growth of the indicator bacteria.
The antagonistic activity remained stable at temperatures of 60º, 70º and 100ºC, independent of the time of exposure, being inactivated only when submitted to temperature of 121ºC for 15 min ( Table 1) .
The antagonistic activity produced by C. butyricum decreased in a pH range from 3.5 to 6.5 for both indicator bacteria (Figure 1 ). Above these values (pH 7.0 to 9.0), inhibition halo was no more observed for both indicators strains. Inhibition was not observed for all the controls.
The antagonistic activity produced by C. butyricum was not inactivated by the proteolytic enzymes tested (Table 2) . that ecosystem. On the other hand, the relationships may be antagonistic with competition of various bacteria for the same local. Numerous descriptions of such interactions can be found in the literature (1, 5, 6, 9, 13, 17, 19, 20) , but many questions remain concerning the characterization of specific antagonistic compounds produced by bacteria involved in endodontic infection. Three recent reports demonstrated that a C. butyricum strain recovered from human root canal infection was able: i) to survive and translocate to local lymph nodes when inoculated into the root canal system of germ-free mice (14) , ii) to modulate endodontic periapical response by an specific profile of cytokine produced in germ-free mice (15) , and iii) to induce apoptosis of lymph node cells (16) . The present study evaluated if this C. butyricum strain was also able to produce antagonistic substance in vitro. To demonstrate and characterize this possible antagonistic ability, two bacteria (B. adolescentis, F. 
DISCUSSION
Bacterial interaction has a determinant role in successful colonization by microorganisms of any particular niche. Through this mechanism, pioneer species may create conditions allowing others to be selected and thrive in succession as inhabitants of 
nucleatum), also recovered from human root canal infection, were used as revelators (indicators).
Initially BHI-S medium was selected because clear and welldefined inhibitory zones were obtained in antagonism assays. However, an inhibitory activity was also observed when aliquots of the non-inoculated medium were concentrated to be used as control for the experiments of pH and temperature influence. Medium components, such as NaCl, when concentrated during the procedures to obtain crude extract were probably responsible for these inhibition zones. There is a lack of information in the literature concerning culture media to be used for the characterization of antagonistic substances produced by bacteria of the genus Clostridium. The choice of Clostridium broth in our study is supported by Kemperman et al. (10) , in its specific use for the production of bacteriocins by Clostridium. In the present study, antagonism assay using crude extracts from Clostridium broth produced smaller inhibitory zones when compared to those obtained with BHI-S medium, but antagonistic activity was not observed after concentration of control samples. Consequently, BHI-S medium was used only for detection of inhibitory phenomenon and bacteriophage and acidity assays while Clostridium broth was used for the partial characterization step.
In the antagonism test using the diffusion technique in agar, interference factors such as bacteriophages, hydrogen peroxide and organic acids must be discarded since their inhibition halos were very similar to those produced by bacteriocins (3). Activity of bacteriophage, as responsible for growth inhibition, was eliminated by a specific assay as well as hydrogen peroxide production because the strict anaerobic conditions used for the growth of both producer and indicator strains. Acetic and lactic acids exert an antagonistic effect not only by pH reduction of the culture medium, but also by anti-microbial action (3). Bacteria of the genus Clostridium have been reported to produce butyric, acetic, formic, lactic and succinic acids as well as butanol and ethanol (18) . In this study acid production was not found to interfere in the inhibition of indicator strains (10) as demonstrated by similar pH values observed inside and outside the inhibition zones.
Clostridium shows optimum growth within a pH range from 4.5 to 5.0, and this fact influenced our choice to investigate pH values between 3 and 9. It was shown that the antagonist effect against both target samples (B. adolescentis, and F. nucleatum) decreased from a maximum at pH 3.5 to 6.5 and disappears near and above the neutrality.
With respect to the influence of temperature, antagonistic activity was maintained at temperatures of 60º, 70º and 100ºC, for time intervals of 30 and 60 minutes, but was inactivated when exposed at 121ºC, for 15 minutes. The stability of antagonistic compounds at high temperatures is a characteristic of non-protein substance, despite reports in the literature on some bacteriocins produced by Lactobacillus that showed to be thermotolerant (3). According to Tagg et al. (22) , bacteriocins are inactivated by at least one proteolytic enzyme. In this study, the enzymes trypsin, α-chymotrypsin and papain were not able to inactivate the antagonism produced by C. butyricum, another characteristic suggesting a non-protein compound.
In conclusion, a C. butyricum strain isolated from infected RCS produced an antagonistic activity against two bacteria also frequently recovered from the same site. The growth inhibition was not due to bacteriophage or acidity but to a substance that seems to be of non-protein nature. However, this substance must be better characterized and purified in future studies, since in vitro detection cannot be always extrapolated to in vivo conditions.
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RESUMO
Caracterização parcial de substância antagonista produzida por uma amostra de Clostridium butyricum A produção de substâncias antagonistas por espécies bacterianas presentes em sistema de canais radiculares (SCR) infectados, tem um papel importante na colonização deste sítio. O objetivo deste estudo foi caracterizar parcialmente a substância antagonista produzida por amostra de Clostridium butyricum isolado de SCR infectados. A produção de substância antagonista foi avaliada pela técnica de difusão em ágar utilizando como bactérias indicadoras Fusobacterium nucleatum e Bifidobacterium adolescentis. Os parâmetros físico-químicos utilizados durante a caracterização parcial foram: pH, estabilidade térmica, susceptibilidade à ação das enzimas tripsina, α-quimiotripsina e papaína. Foi observada zona de inibição contra as duas amostras indicadoras e ainda foi demonstrado que ácidos e bacteriófagos não eram responsáveis por este fenômeno. A atividade inibitória mostrou-se diminuída em uma faixa de pH de 3.5 a 6.5 e estável em temperaturas de 60º, 70º e 100ºC, sendo completamente inativada quando exposta a 121ºC. A atividade antagonista foi resistente à ação das enzimas proteolíticas: tripsina, α-quimiotripsina e papaína. A substância antagonista produzida por C. butyricum é termoresistente e provavelmente de natureza não protéica.
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